Introduction
Over the last decades, there has been increasing con cern about the impact of m an on the seas around us (Salomons et al., 1988; N orth Sea Task Force, 1993; ICES, 1993) . The marine environment may be affected, both directly and indirectly, by a variety of hum an activities, including coastal engineering works, pollu tion, eutrophication, fisheries, and global warming. However, to evaluate the potential impact of hum an activities, detailed knowledge of the dynamics of the marine ecosystem is required, but this is difficult to obtain w ithout empirical evidence of the changes that have already taken place. Time-series data have indi cated m ajor shifts in abundance of some commercial fish species over periods of several decades or even hundreds of years (Hempel, 1978) . These studies highlighted the effects of exploitation (Pope and Macer, 1996; Rijnsdorp and Millner, 1996) but also of the natural dynamics of the system that may be related to variability in ocean climate (Cushing, 1982) . Large-scale variability has also been shown in Zooplankton abundance from the C on tinuous Plankton Recorder Programm e (Franz et a l, 1991) .
Even when detailed inform ation is available, the assessment of anthropogenic changes is difficult because of the complex nature of the system in which natural processes and hum an activities interact, and because of the paucity of time-series data needed to test hypotheses.
Commercial fish stocks represent an exception, because they are continuously and extensively monitored, and at least the rates of mortalities inflicted by fisheries are well understood. However, for many other biota, including non-commercial fish species, reliable long-term time series are sparse. This ham pers the evaluation of the impact by man.
Recent N o rth Sea monitoring data have been used to study changes in community parameters, but, although some effects have been detected which may well be related to increased rates of exploitation (Rice and Gislason, 1996) , there is a great need for comparable data from the old days so that potential changes in size distribution and diversity can be evaluated. Therefore, it is useful to see whether published and archived data can be utilized in this respect.
Research vessel surveys carried out in the N orth Sea irregularly since the beginning of the century (Garstang, 1905; A non., 1908) although not properly standardized at least provide some inform ation on the fish fauna of these days w arranting further analysis. In this paper, demersal trawl catches of research vessel surveys con ducted in the southern N orth Sea during the first decade of this century are analysed and com pared with recent data. Emphasis is on catch rates, species composition, size distributions, and community param eters of the demersal fish assemblage, with a view to establishing some perspective on recent observations in relation to the potential impact of industrialized fishing. 1906 -1909 and 1990 -1995 . 1906 -1909 BT 1906 -1909 OT90 1906 -1909 OT20 1990 -1995 GOV 1990 -1995 Trawl surveys using three different gear types were carried out in the first decade of the present century by fisheries laboratories in England (Garstang, 1905; A non., 1912) and The N etherlands (Anon., 1908 (Anon., , 1909 (Anon., , 1910 . The English research vessel RV "Eluxley" used either an 86 foot (26.5 m) headline otter trawl (OT90), with a groundrope of 125 feet (38.5 m) consisting of a wire core w ithout a chain, or a 43 foot (13 m) beam trawl (BT13). G ear characteristics are summarized in Table 1 . In some hauls, a fine meshed cover was used. Tow duration varied between 1 and 3 h for both gears. F or each haul, the numbers of the larger fish species caught are available and for the principal species (flat fish, roundfish, gurnards, rays, skates, sharks, dogfish) size distribution data are available for 10-cm groups. Station inform ation includes position, depth, date, time of day, and haul duration. Inform ation on the bottom fauna was also recorded. Smaller fish species not consid ered "food fish" were not recorded systematically but were sometimes identified under the heading "bottom fauna" . The D utch vessel RV "W odan" used a similar 86 foot (26.5 m) otter trawl to RV "Huxley" or a 20 foot (6 m) otter trawl (OT20). The mesh size of the latter was not specified, but from the size distribution of the fish caught it can be inferred that stretched mesh size must have been between 2 and 4 cm. Tow duration was generally 1-2 h, but sometimes the catch was recorded as the sum over two to four hauls. The same station inform ation was collected as for the RV "H uxley" surveys and a record of all fish species and invertebrate species caught was maintained.
D ata for 1990-1995 (third an d fo u rth quarters)
The recent composition of the demersal fish fauna was analysed using data from an 8 m beam trawl (BT8; RV "Isis" ) and "grande ouverture verticale" trawl surveys (GOV; RV "Tridens" ). G ear characteristics are given in Table 1 .
The BT8 survey was carried out in A ugust-Septem ber and covered the southern and south-eastern N orth Sea (largely area 6; Fig. 1 ). The sampling area was stratified by ICES rectangle of 0.5° latitude and I o longitude ( ± 30 X 30 mile) in which one to four hauls were made. The beam trawl was equipped with a ground rope consisting of a chain with rubber discs (20 cm diameter) in the central part. Eight tickler chains ran in front of the groundrope. F urther details of the rigging can be found in ICES (1990) .
The GOV survey deployed an otter trawl with a relatively high vertical net opening of 5 to 6 m. The standard sweeps measured 50 m and the horizontal opening was approxim ately 20 m. The groundrope con sisted of a wire with small rubber discs (10-20 cm). For further details see ICES (1992) . The survey extended from the very south to the northern N o rth Sea.
The procedures for recording fish catches were the same for the two surveys. The catch was sorted by species, subsampled if necessary, and the numbers caught and their length distributions (cm below) were recorded. Some species of pipefish (Syngnathus sp.) and gobies (Pomatoschistus sp.), which are difficult to iden tify on board, were only identified to genus. The records of the dragonet ( Callionymus lyra) may include a small num ber of reticulated dragonet (C. reticulatus).
D ata selected for the com parison
The distribution of fishing stations in the different surveys was fairly uneven (Fig. 1 ), but the south-eastern N orth Sea was fairly well covered during most surveys. We therefore restricted the com parison to ICES roundfish A rea 6. Tows in which the gear was dam aged were excluded from the analysis. RV "Huxley" and RV "W odan" hauls made with the OT90 were combined into one data set. 
Swept area correction factors
Different fishing gears vary in efficiency in catching individual species of fish (or even in catching different sizes of fish within one species) due to a multitude of factors (Gunderson, 1993) . This is the overwhelming problem in comparing faunistic data between one survey and another. We follow a pragmatic approach here and restrict ourselves to using the swept area as a correction factor for the catch rates obtained with any one gear. In the discussion, we return to this problem and base our interpretation on a judgem ent of the likely differences.
The area swept by the gear was estimated from the towing speed and the horizontal net opening. The latter is fixed for beam trawls by the size of the beam but depends on towing speed and depth for otter trawls. For the otter trawl used by RV "Huxley" , the horizontal net opening was estimated at 2/3 of the length of the headline (Garstang, 1905) and the same conversion factor was applied to the smaller otter trawl deployed by RV "W odan" . In the GOV trawl employed in recent years, the swept area is increased by an extension of the groundrope (sweep) between the wings of the net and the trawl doors (Knijn et a l, 1993) , but the distance between the doors is routinely measured during the survey.
The estimated swept area per hour fishing is the same for the OT90 and BT8, but differed considerably between the other gears. Expressed relative to the swept Table 2 . N um ber of hauls, num ber of rectangles fished, fishing hours, and m ean standardized catch rate (num ber h " 1 ) of demersal fish in Roundfish Area 6 during trawl surveys carried out in 1906-1909 and 1990-1995 . Catch rates were standardized to the area swept per h our with the OT90. 1906 -1909 OT20 1906 -1909 OT90 1906 -1909 BT13 1990 -1994 GOV 1990 -1995 area of the OT90/BT8, the swept area is 0.85 for the BT13, about 0.25 for the OT20, and about 10 for the GOV (Table 1) . These factors will be used to standardize roughly the trawl catches in approxim ately similar units.
D ata analysis
The mean catch rate (N, h~ ') was estimated for roundfish area 6 taking account of the unbalanced spatial distribution of hauls ( Fig. 1 ):
N=X^I>ij/P^/q with n¡j the standardized catch rate in haul i in rectangle j, p the number of hauls in rectangle j, and q the number of rectangles sampled. The com parison of the size distributions between the two periods was restricted to flatfish (plaice, sole, dab, turbot, brill, long rough dab, lemon sole) and roundfish (cod, haddock, whiting, ling), because length measure ments for both periods were only available for these species.
O ther community param eters analysed were the num ber of species, Shannon-W iener (H') and Simpson (D) index of diversity and the index of evenness (cf. Pielou, 1969) .
Results
Catch rates of m ajor groupings of demersal fish varied considerably between gears and periods (Table 2) . Only the catch rates in the large meshed OT90 and BT13 were in the same order of magnitude for all groups. In contrast, total catch rates of demersal fish in the small meshed OT20 were almost a factor 10 higher. A lthough it is likely that mesh size explains part of these differ ences, one would not expect m ajor effects of mesh size on the catch of elasmobranchs, which were also higher in the OT20. Moreover, there is an extreme difference for " other" demersal fish, which is likely to be explained partly by the poor records for some of the n on commercial fish species in the RV "Huxley" catches. N otw ithstanding these differences, the relative catch rates of all m ajor groupings except " others" are rem arkably similar in all three gears.
The difference in catch rates in the GOV and BT8 in recent years are much more pronounced (Table 2) . Although the BT8 catches overall five times as many fish as the GOV per swept area, this difference is largely due to flatfish. For roundfish, the GOV catches twice as many fish as the BT8.
W hen com paring the two periods, the catch rates of elasmobranchs appear to have decreased substantially in recent years. For other groups it would seem more appropriate to com pare recent data with the OT20 because of their similar mesh sizes. Thus, gurnards appear to have decreased using both recent gears, but the observed changes in flatfish and roundfish depend on the choice of gear. The GOV suggests a decrease in flatfish and an increase in roundfish, whereas the BT8 indicates a decrease in roundfish and an increase in flatfish.
D ata for individual species are given in Community parameters, based on data from the small-meshed gear only, indicate th at the demersal catch Table 3 . Standardized m ean catch rate (num ber per hour fishing) of individual fish species by survey in Roundfish Area 6. In the OT90 and BT13 surveys, small fish species have not been recorded (indicated by -). Catch rates were standardized to the area swept per hour with the OT90. The asterisk denotes demersal species; + indicates less than 0.05. 1906-1909 1906-1909 1906-1909 1990-1995 1990-1995 1906 -1909 OT20 1906 -1909 OT90 1906 -1909 BT13 1990 -1995 GOV 1990 -1995 was more diverse at the beginning of the century than at present, despite the lower num ber of species caught (Table 4 ). The recent catch com position was dominated by a single species (GOV: whiting; BT8: dab) which made up more than 50% of the catch. As a consequence, cumulative catch rates against species rank are much steeper in the OT20 data (Fig. 2) . Com parison of the size distributions of the roundfish and flatfish species indicates that the relative contribu tion of the larger fish has markedly decreased since [1906] [1907] [1908] [1909] (Fig. 3) . A test of the differences in slopes of the declining limb of the log catch numbers against size between both periods (Table 5) showed highly signifi cant differences for both flatfish (F2 37 = 716; p<0.001) and roundfish (F2 40=141; p<0.001).
Discussion
It is generally accepted that trawl catches made with the same gear reflect relative differences in abundance of demersal fish species. However, problems arise when different species caught with the same trawl are com pared, or when different gears are used for a single species, because all fishing gears are more or less selec- , 1906 -1909 □ = BT8, 1990 □ = BT8, -1995 • = GOV, 1990 • = GOV, -1995 tive and catchabilities vary accordingly. Standardization to swept areas per unit of time does not resolve the gear differences in this respect, and relative catchabilities of different gears can only be established when they have been employed simultaneously within the same area (Knijn et ah, 1993) . Although the interpretation of catch rates obtained by means of different trawls in terms of changes in species abundance is difficult w ithout empirical estimates of relative catchabilities, the historic data at hand are so unique that we will attem pt to make a tentative assess ment of the likely changes that have occurred in the demersal fish assemblage of the southern N orth Sea 1906 -1909 and 1990 -1995 . ■ =BT13. 1906 -1909 D = O T 90. 1906 -1909 * = O T 2 0 . 1906 -1909 O = GOV. 1990 O = GOV. -1995 A = BT8, 1990 A = BT8, -1995 taking into account some obvious différences in gear characteristics. O f the three historic surveys, only the OT20 used a small codend mesh com parable with the two gears used in recent years. Therefore, potential changes in abun dance since the turn of the century can best be studied by comparing these three gears. The catch ratios of the GOV/OT20 and the BT8/OT20 were 0.17 and 0.84, respectively, suggesting a decline in overall abundance of demersal fish.
The catch compositions of the OT90/BT13 and the OT20 differed mainly with regard to smaller species, reflecting the difference in mesh size used (Table 3) . However, small species like solenette (Buglossidium luteum), gobies and scaldfish (Arnoglossus laterna) were recorded by RY "W odan" , whereas they were not recorded in the RY " Huxley" catches. The differences are therefore likely to be overestimated because some of the smaller fish species may have been caught w ithout being recorded (Anon., 1912) .
The differences in the catch composition of the GOV and BT8 reflect differences in efficiency of the net for roundfish com pared with flatfish. The GOV trawl has a high net opening and is expected to be more efficient than the OT20 in catching species which move around free of the bottom or try to escape the approaching trawl by swimming upwards. This is for instance expressed in the much higher catch rates of pelagic species in the GOV. In a com parison between GOV catches and catches in a more traditional G ranton trawl during recent surveys, catch rates of cod, haddock, and whiting were higher in the former by factors of 2.3, 1.1, and 2.9, respectively (Knijn et a l, 1993) . Thus, the more reliable change in roundfish is probably reflected by the BT8/ OT20 ratio. In contrast, tickler chains have been devel oped by the commercial fishery to increase the catch efficiency of flatfish which are often buried in the sedi ment (Creutzberg et a l, 1987) . Since the BT8 deploys a number of tickler chains, the more reliable change in abundance of flatfish is more likely to be reflected in the ratio of the GOV/OT20. Following this argument, the data would indicate that both roundfish and flatfish have decreased in abundance since the turn of the century. Noticeably, the haddock appears to have been much more abundant during the earlier period. In fact, the apparent decrease in roundfish and flatfish may be underestimated, because the higher towing speed in recent years has probably reduced the chance to escape. The catch rate of grey gurnard (Eutrigla gurnardus) appears to have decreased since the beginning of the century, corroborating the substantial decline between 1920-1950 and 1980-1990 reported by Greenstreet and Haii (1996) . The com parison of catch rates of the thornback ray clearly indicates reduced abundance in recent years, but for other species the situation is less clear. The results for spiny dogfish indicate a sharp decline in the south-eastern N orth Sea, whereas the lesser-spotted dogfish (Scyliorhinus canicula) appears to be a newcomer. The general disappearance of elasm o branchs from coastal waters along the continent cor roborates earlier reports of a decline (Hempel, 1978; W alker and Heessen, 1996) .
Inspection of m ajor changes in individual species shows that the greater weever has virtually disappeared in the southern and central N orth Sea. This species was exploited commercially until the late 1950s, but virtually disappeared from the southern N orth Sea in the early 1960s with commercial catches suddenly dropping to zero after the severe winter of 1963.
There are m any indications of other decreases as well as increases among the non-target species. W hether these are caused by gear differences or reflect a shift in species com position due to fisheries or other human activities remains as yet an open question. However, community parameters do suggest a less diverse and less even fish assemblage. A similar though more modest change was observed in a com parison of Scottish research vessel survey data between 1920 -1950 and 1980 -1990 (Greenstreet and Haii, 1996 .
The com parison of the size distribution of both the roundfish and the flatfish species clearly indicates a relative decrease of the larger sizes, but this may also be partly explained by differences in species composition. Within both groups there is an indication that the smaller-sized species like whiting and dab increased in relative abundance as com pared with the larger-sized species such as cod and plaice.
This study is only a first step in exploring changes in N orth Sea fish assemblages based on existing trawl survey data with only part of the archived data being analysed. A comprehensive analysis of these data in conjunction with recent data from the International Bottom Trawl Survey (Heessen, 1996; Heessen and D aan, 1996) may prove a valuable baseline from which to evaluate the possible effects of hum an activities on the N orth Sea ecosystem in relation to the natural variability of the system. This enterprise would be greatly facilitated if it could be combined with com para tive research of the gear efficiencies of the différent trawls used in the past and present.
